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PLASMA-ENHANCED FLASH PROCESS 

BACKGROUND OF THE INVENTION 

The present invention relates to the processing of sub 
strates. More particularly, the present invention relates to 
improved techniques for liberating corrosive species from 
the chamber Walls of a plasma processing chamber and/or 
the substrate surface. The present invention also relates to 
improved techniques for Weakening the layers of polymer 
that are formed above a substrate during plasma processing 
to facilitate ease of removal. 

In the manufacture of semiconductor devices such as 
integrated circuits and/or ?at panel displays from substrates, 
particularly When plasma-enhanced processing techniques 
are employed, corrosive etchants may be employed to etch 
through one or more layers of the layer stack of the substrate. 
For example, a corrosive etchant may be employed to etch 
a desired pattern through the metalliZation layer of the layer 
stack. As is knoWn, the metalliZation layer is typically 
employed to electrically couple device components together. 
If the metalliZation layer comprises aluminum, for example, 
the etchant gas employed may represent, in one example, 
chlorine or bromine. 

For ease of discussion, the remainder of the discussion 
Will be made With reference to the etching of an aluminum 
metalliZation layer using corrosive etchants containing chlo 
rine and/or bromine. It should be understood, hoWever, that 
the inventive techniques herein address the problems caused 
by any corrosive etchant (Whether or not chlorine and/or 
bromine and Whether or not employed to etch through an 
aluminum layer, or even a metalliZation layer). 

Although corrosive species such as chlorine and/or bro 
mine are ef?cient at etching the aluminum metalliZation 
layer, there are adverse side effects associated With their use. 
For example, even after the plasma etching step that 
employs the chlorine and/or bromine species is terminated, 
some of the chlorine and/or bromine species may be 
adsorbed onto layers of the layer stack itself. The presence 
of adsorbed corrosive species, e.g., chlorine and/or bromine, 
on the layer stack may introduce undesirable contamination 
into subsequent process steps. 

Further, the continued presence of adsorbed chlorine 
and/or bromine on parts of the metal layer, e.g., the metal 
features’ side Walls, may cause the metal features to con 
tinue to corrode long after the fabrication process is ?nished. 
The continued corrosion of the metal features may eventu 
ally damage these metal features, causing the resultant 
semiconductor device to prematurely fail. 

Additionally, it has been observed that chlorine and/or 
bromine species may become adsorbed onto the chamber 
Walls of the plasma processing chamber. The presence of 
accumulated chlorine and/or bromine species in the chamber 
may contaminate other process steps. For example, particles 
containing chlorine and/or bromine may ?ake off the cham 
ber Wall and contaminate the environment Within the plasma 
processing chamber, Which may in turn contaminate the 
substrate undergoing processing. 

The adsorbed chlorine and/or bromine species may react 
With moisture Within the plasma processing chamber to form 
corrosive acids, Which may migrate to other parts of the 
plasma processing system. These corrosive acids may lodge 
themselves in various parts of the plasma processing system, 
contributing to the contamination problem. Over time, the 
corrosive acids may damage or even destroy parts of the 
plasma processing system, particularly parts Which are sus 
ceptible to corrosion such as those containing iron. 
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2 
In vieW of the foregoing, there are desired ef?cient and 

effective techniques for removing adsorbed corrosive spe 
cies from the chamber Wall of a plasma processing chamber 
and/or the substrate. 

SUMMARY OF THE INVENTION 

The invention relates, in one embodiment, to a method in 
a plasma processing chamber, the chamber being employed 
for processing a substrate, for removing corrosive species 
from the plasma processing chamber after the substrate is 
processed. The method includes introducing a ?ash source 
gas into the plasma processing chamber. The ?ash source 
gas comprising an oxidiZing agent. The method further 
includes performing a ?ash process, including striking a 
plasma in the plasma processing chamber With the ?ash 
source gas, thereby permitting oxygen species in the plasma 
to reduce a concentration of the corrosive species in the 
plasma processing chamber. 

In another embodiment, the invention relates to a method 
for removing corrosive species from a substrate surface. The 
substrate has been processed in accordance With conven 
tional plasma processing steps in a plasma processing cham 
ber. The method includes introducing a ?ash source gas 
comprising an oxidiZing agent into the plasma processing 
chamber. The method further includes sustaining a plasma 
With the ?ash source gas in the plasma processing chamber, 
thereby forming oxygen species above the substrate to 
permit the oxygen species in the plasma to reduce a con 
centration of corrosive species from the substrate surface. 

In yet another embodiment, the invention relates to a 
method for Weakening polymer deposition above a substrate 
surface. The substrate has been processed in accordance 
With conventional plasma processing steps in a plasma 
processing chamber. The method includes introducing a 
?ash source gas comprising an oxidiZing agent into the 
plasma processing chamber. The method further includes 
sustaining a plasma With the ?ash source gas in the plasma 
processing chamber, thereby forming oxygen species above 
the substrate to permit the oxygen species in the plasma to 
interact With the polymer deposition to Weaken the polymer 
deposition. 

These and other advantages of the present invention Will 
become apparent upon reading the folloWing detailed 
descriptions and studying the various ?gures of the draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

To simplify discussion of the details and advantages of the 
present invention, 

FIG. 1 illustrates a simpli?ed schematic of a TCP® 9400 
plasma reactor, representing a plasma processing system 
suitable for use With the present invention. 

FIG. 2 illustrates, in accordance With another embodiment 
of the present invention, the steps for removing corrosive 
species. 

FIG. 3 illustrates, in accordance With another embodiment 
of the present invention, the steps for removing corrosive 
species of FIG. 2, including a purge step. 

FIG. 4 illustrates, in one example, exemplar parameters of 
the inventive plasma-enhanced ?ash step, including exem 
plar parameters of a preceding purge step. 

FIG. 5 shoWs an example of a someWhat idealiZed optical 
excitation plot, representing the plot that may be employed, 
in one embodiment, to ascertain the duration of the plasma 
enhanced ?ash step. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The present invention Will noW be described in detail With 
reference to a feW preferred embodiments thereof as illus 
trated in the accompanying draWings. In the following 
description, numerous speci?c details are set forth in order 
to provide a thorough understanding of the present inven 
tion. It Will be apparent, hoWever, to one skilled in the art, 
that the present invention may be practiced Without some or 
all of these speci?c details. In other instances, Well knoWn 
process steps have not been described in detail in order to 
not unnecessarily obscure the present invention. 

In accordance With one aspect of the present invention, 
there is provided a plasma-enhanced ?ash process Which is 
conducted Within the plasma processing chamber after the 
conventional substrate processing steps have been com 
pleted. The plasma-enhanced ?ash process of the present 
invention advantageously displaces the adsorbed corrosive 
species from the Walls of the chamber, thereby alloWing 
them to be eXhausted from the chamber. As a consequence, 
there is reduced migration of corrosive species Within the 
plasma processing system, and hence, corrosion. 

If the plasma-enhanced ?ash process is performed With 
the substrate in the chamber, corrosive species adsorbed in 
the layers of the substrate are also advantageously displaced, 
thereby alloWing the displaced corrosive species to be 
eXhausted out of the chamber. As a consequence, the poten 
tiality of contamination due to the presence of adsorbed 
corrosive species on the surface of the substrate is substan 
tially reduced. Furthermore, the absence of adsorbed corro 
sive species alleviates the aforementioned metal line corro 
sion problem, Which is caused in part by the accumulation 
of adsorbed corrosive species left behind on the metal Walls 
after processing, and Which may lead to premature device 
failure. 

The plasma-enhanced ?ash step also assists in the 
removal of the layers of polymers that are typically formed 
on the surface of the substrate during plasma processing. 
The removal of these polymers, as is Well knoWn, presents 
a signi?cant challenge in the current art since it is dif?cult 
to satisfactorily remove the polymers Without adversely 
affecting the formed components, for eXample the delicate 
gate oXide of metal oXide semiconductor (MOS) transistor 
devices. The plasma-enhanced ?ash process of the present 
invention, Which is performed after conventional substrate 
processing is completed, advantageously Weakens the poly 
mers to facilitate their removal. More importantly, it is 
believed that the inventive plasma-enhanced ?ash step 
Weakens the polymers Without concomitantly damaging the 
formed components on the Wafer. 

In accordance With one aspect of the present invention, 
the aforementioned plasma-enhanced ?ash technique may 
be performed in any of the knoWn plasma processing 
apparatuses, including those adapted for dry etching, plasma 
etching, reactive ion etching (RIE), magnetically enhanced 
reactive ion etching (MERIE, electron cyclotron resonance 
(ECR), or the like. To further elaborate, in a typical plasma 
processing chamber adapted for dry etching, the substrate is 
treated With plasma. The chamber includes an inlet port 
through Which process etchant source gases are supplied to 
the chamber interior. A suitable RF energy source is applied 
to electrodes associated With the chamber to induce a plasma 
from the etchant source gases. The energy itself may be 
coupled inductively or capacitively to sustain the plasma, as 
is knoWn. Species are then formed from the etchant source 
gas to react With the layer stack and etch aWay at the 
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4 
plasma-contacting regions of the substrate layer stack. The 
by-products, Which may be volatile, are then eXhausted 
through an eXit port. 

Plasma etching relates to the situation Where the substrate 
is positioned on the anode, or ground electrode during 
substrate processing. On the other hand, reactive ion etching 
(RIE) relates to the situation Where the substrate is posi 
tioned on the cathode, or poWered electrode during process 
ing. Magnetically enhanced reactive ion etching (MERIE) 
represents a variant of the RIE reactor geometry Wherein a 
magnetic ?eld is applied to reduce the loss of energetic 
electrons to the reactor Wall surfaces. It has been found that 
the MERIE reactors, under certain conditions, can increase 
the ef?ciency of the energy transfer from the electrodes to 
the electrons in the plasma. 

It is contemplated that the invention may be practiced in 
any of the above reactors, as Well as other suitable plasma 
processing reactors. Note that the above is true irrespective 
of Whether energy to the plasma is delivered through capaci 
tively coupled parallel electrode plates, through ECR micro 
Wave plasma sources, or through inductively coupled RF 
sources such as helicon, helical resonators, and transformer 
coupled plasma (planar and/or nonplanar). ECR and TCPTM 
brand processing systems, among others, are readily avail 
able commercially. TCPTM-brand systems are available 
from, for eXample, Lam Research Corporation of Fremont, 
Calif. 

In a preferred embodiment, the present invention is 
employed in a TCPTM 9400 plasma reactor, Which is avail 
able from Lam Research Corporation, although, as men 
tioned above, any conventional and suitable plasma process 
ing systems may Well be employed. To facilitate discussion 
of the details and advantages of the present invention, FIG. 
1 illustrates a simpli?ed schematic of a TCPTM 9400 plasma 
reactor, representing a plasma processing system suitable for 
use With the present inventive technique. Plasma reactor 100 
includes a plasma processing chamber 102. Above chamber 
102, there is disposed an electrode 103, Which is imple 
mented by a coil in the eXample of FIG. 1. Coil 103 is 
energiZed by a RF generator 105 via a matching netWork 
(not shoWn in FIG. 1). 

Within chamber 102, there is provided a gas ring 104, 
Which preferably includes a plurality of holes for releasing 
gaseous source materials, e.g., the source gases employed 
for etching, purging, ?ash, or the like, into the region above 
substrate 150 Within chamber 102. The gaseous source 
materials may also be released, in some systems, from ports 
built into the Walls of the chamber itself or from a shoWer 
head apparatus, if desired. 

Substrate 150 is introduced into chamber 102 and dis 
posed on a chuck 110 for processing, Which acts as a bias 
electrode and is preferably biased by a radio frequency 
generator 120 (also typically via a matching netWork). 
Helium cooling gas may be introduced under pressure (e.g., 
about 5—10 Torr in one embodiment) betWeen chuck 110 and 
substrate 150 to act as a heat transfer medium for accurately 
controlling the substrate’s temperature during processing to 
ensure uniform and repeatable etching results. During 
plasma etching, the pressure Within chamber 102 may be 
kept loW by WithdraWing gas through port 160, e.g., a high 
conductance manifold. 

In accordance With one aspect of the present invention, 
there is provided after conventional substrate processing, 
e.g., the desired steps of etching, deposition, or the like, an 
additional plasma-enhanced ?ash process. FIG. 2 illustrates, 
in accordance With one embodiment of the present 
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invention, the steps of the plasma-enhanced ?ash process. In 
step 202, the substrate is processed as conventional employ 
ing one or more corrosive plasma species. In the example 
furnished earlier, the aluminum metalliZation layer of the 
substrate is etched using an etchant source gas that contains 
chlorine and/or bromine such as C12, HBr, HCl, BCl3, CCl4 
as Well as other suitable etchants knoWn to those skilled. 

When the plasma is struck Within the plasma processing 
chamber, some of the corrosive species, e.g., chlorine or 
bromine species, may become adsorbed onto the Walls of 
chamber 102 and/or any surface exposed to the plasma, e.g., 
the surfaces of the gas ring, the inner Walls of exhaust port 
160, or Within conduit line 112, Which feeds the source gas 
from a reservoir (not shoWn in FIG. 1) to gas ring 104. 

If not removed, some of the adsorbed corrosive species 
may cause severe corrosion problems to parts of plasma 
processing chamber 100, particularly parts Which contain 
iron such as the gas feedthroughs. Additionally or 
alternatively, the adsorbed corrosive species may also cause 
damage to iron-containing parts of the system, e.g., load 
locks. While not Wishing to be bound by theory, it is believed 
that the corrosive species, e.g., chlorine species or bromine 
species, react With ambient moisture Within chamber 102 or 
With the thin layer(s) of Water on the inner surfaces of 
chamber 102 to form corrosive acids, e.g., HCl or HBr. The 
moisture is introduced into chamber 102 When, for example, 
the chamber is opened to alloW substrate 150 to be removed 
therefrom or placed on chuck 110 for processing. The 
formation of the corrosive acids may be signi?cantly 
enhanced by the plasma process since the species may be, as 
is generally knoWn, more reactive than chlorine in a non 
plasma form. Over time, the corrosive acids may migrate to 
parts of the plasma processing system, even those never 
exposed to the plasma environment itself, Where it causes 
corrosion damage. 

After conventional processing steps are completed, a 
plasma-enhanced ?ash process is run in the plasma process 
ing chamber, in step 204, to reduce the concentration of the 
corrosive species in the chamber. The plasma-enhanced 
?ash process involves igniting a plasma While an oxygen 
containing ?ash source gas is present Within the plasma 
processing chamber. The plasma-enhanced ?ash process is 
permitted to continue, in one embodiment, until the concen 
tration of the corrosive species Within the chamber and/or on 
the substrate surface is reduced to a prede?ned level. 

While not Wishing to be bound by theory, it is believed 
that oxygen radicals, Which are formed When a plasma is 
struck With an oxygen-containing ?ash source gas Within the 
plasma processing chamber during the plasma-enhanced 
?ash process, advantageously displaces the corrosive acids, 
Which are formed With the corrosive species during the 
preceding conventional substrate processing steps, from 
their bonding sites on the inner surfaces of the plasma 
processing chamber. When the acid molecules are displaced, 
they can be pumped aWay via the exhaust port of the 
chamber. 

In a particularly advantageous embodiment of the present 
invention, no additional time is required to perform the 
plasma-enhanced ?ash process of the present invention. It is 
observed that after every substrate is processed, there is 
typically required a dechucking step Wherein the plasma 
source gases and poWer to the electrodes of the plasma 
processing chamber are turned off for a given period of time, 
e.g., 10 seconds, to relieve the clamping force that holds the 
substrate on the chuck. Dechucking is a Well knoWn step and 
is not described in detail here. 
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In one embodiment, the invention takes advantage of the 

existence of the required dechucking time to perform at least 
a portion or even the entire duration of the inventive 
plasma-enhanced ?ash process concurrent thereWith. When 
so performed, the invention advantageously requires little, if 
any, additional processing time since the corrosive species 
removal via the inventive ?ash process is performed con 
current With the process of relieving the clamping force that 
holds the substrate on the chuck, i.e., dechucking. By Way of 
example, it is possible, to employ only ?ve seconds of the 
ten-second dechuck time to perform the corrosive species 
removal in accordance With the inventive plasma-enhanced 
?ash process. 

To further facilitate ef?cient removal of adsorbed corro 
sive species, there is further provided, in one particularly 
advantageous embodiment, a purge step prior to the plasma 
enhanced ?ash step. Purging advantageously removes a 
large portion of the corrosive species from the chamber by 
pumping a relatively large volume of a non-corrosive purge 
gas through the chamber to physically displace as much of 
the corrosive species and molecules as possible. Purging is 
particularly useful in removing any residual corrosive source 
gas from the conduit lines of the plasma processing chamber, 
e.g., conduit line 112 of FIG. 1. The purging gas may 
represent, in one embodiment, any non-corrosive gas such as 
any of the non-chlorine containing, non-bromine containing, 
relatively inert, or any other gas that does not corrode and/or 
produce corrosive species during the subsequent plasma step 
of the plasma-enhanced ?ash process. 

Purging, if done With the ?ash source gas, e.g., the 
oxygen-containing gas employed to strike the plasma during 
the plasma-enhanced ?ash step, has the further advantage of 
stabiliZing the ?ash source gas in the chamber prior to the 
plasma-enhanced ?ash step. Accordingly, When the poWer is 
turned on to strike the plasma in the subsequent plasma 
enhanced ?ash step, little or no time is lost in the plasma 
enhanced ?ash step Waiting for the ?ash source gas to 
stabiliZe. FIG. 3 illustrates this embodiment Wherein an 
additional purge step 203 is performed prior to performing 
the plasma-enhanced ?ash process 204 (described earlier in 
connection With FIG. 2). 

In one embodiment, the invention takes advantage of the 
existence of the required dechucking time to also perform 
the purge step concurrent thereWith. When so performed, the 
invention advantageously requires little, if any, additional 
processing time since a portion or even the entire duration of 
the purge step may be performed during dechucking. In one 
example, the purge step only requires ?ve seconds of the 
ten-second dechuck time to physically purge and pump 
aWay the remaining chlorine-containing gases from the 
conduit lines and interior of the chamber. 

In one particularly advantageous embodiment, a substan 
tial portion or the entire duration of the time required for 
both purge step 203 and plasma-enhanced ?ash step 204 are 
concurrent With the time required for dechucking. In the 
above example, both the ?ve-second purge step and the 
?ve-second plasma-enhanced ?ash step may be performed 
concurrent With the ten-second dechuck step. In this 
embodiment, little or no additional time is required to derive 
the advantages offered by the present invention, e.g., reduc 
tion in the concentration of the corrosive species in the 
chamber and conduit lines leading thereto. Accordingly, 
there is no adverse impact on the Wafer cycle time, the 
throughput of the plasma processing system, and/or to its 
cost of oWnership. 

In one embodiment, other conventional cleaning steps 
may be introduced betWeen purge step 203 and plasma 
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enhanced ?ash step 204 to further enhance the removal of 
the corrosive species. For example, the chamber may be 
evacuated following the purge step and before the com 
mencement of plasma-enhanced ?ash step 204. As another 
example, a pump-purge step may be performed betWeen 
purge step 203 and plasma-enhanced ?ash step 204. In a 
pump-purge step, the chamber and/or the conduit lines 
leading thereto may be ?lled With some non-corrosive gas 
and pumped out, possibly more than once, to more thor 
oughly remove the corrosive species prior to the plasma 
enhanced ?ash step. 

In one embodiment, the Wafer may be removed from the 
chamber so that the plasma-enhanced ?ash step and/or purge 
step may be optimiZed, in term of the gases employed, the 
duration, and/or other parameters, for maximum corrosive 
species removal Without concern for damage to the substrate 
(particularly to the fragile features thereon). This is particu 
larly useful if there is a risk of damage or contamination to 
the substrate if subject to the additional plasma-enhanced 
?ash step and/or purge step. Wafer removal may be per 
formed either before the purge step or in betWeen the purge 
step and the plasma-enhanced ?ash step. 

The plasma-enhanced ?ash step and/or purge step also 
have other advantages. When one or both of these steps are 
performed on the substrate, corrosive species (such as the 
aforementioned chlorine- or bromine-containing species) 
may advantageously be liberated from the substrate surface 
to be pumped aWay. As can be appreciated by those skilled, 
the removal of these corrosive species from the substrate 
surface advantageously reduces the risk of contamination in 
subsequent process steps. Additionally, the removal of cor 
rosive species from the metal side Walls also advantageously 
alleviates the aforementioned metal line corrosion problem, 
Which has been heretofore one of the main causes of 
premature device failures. Of course the plasma-enhanced 
?ash step may be performed on each substrate if these 
substrate-related advantages are desired and/or optimal 
cleaning of the chamber is desired. 

Note that by performing the plasma-enhanced ?ash step 
as a separate step after conventional substrate processing is 
completed, the present invention permits, in one 
embodiment, more ef?cient removal of adsorbed corrosive 
species from the substrate surface and/or from the chamber 
Walls. If the oxygen radicals are formed as part of a 
conventional processing step, e.g., an etching step that 
employs a corrosive etchant, some of the oxygen radicals 
may be taken up by the more abundant corrosive species 
Within the chamber interior, leaving less oxygen radicals to 
attack the adsorbed corrosive species on the chamber inner 
Walls and/or on the substrate surface. Additionally, if the 
oxygen plasma is terminated at the same time as the termi 
nation of the conventional processing step (e.g., not alloWed 
to continue on its oWn as a separate step after the termination 
of conventional processing), the action of the oxygen radi 
cals is not employed to bring the concentration of the 
corrosive species doWn beloW the level existing during 
conventional substrate processing. As such, a higher con 
centration of corrosive species may exist on the chamber 
inner Walls and/or the substrate surface. 

It is also found that, in some cases, exposure to oxygen 
radicals causes the polymers that are formed on substrate 
surface to be more ef?ciently removed. The ef?cient 
removal of these deposited polymers advantageously 
addresses the yield loss problem associated With prior art 
techniques of polymer removal. To elaborate, polymers that 
are deposited during conventional substrate processing 
needs to be removed, as is Well knoWn to those skilled. 
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Typically the removal of these polymers is performed in a 
Wet dip process, Wherein the dip solution attacks the depos 
ited polymers and strips it from the substrate surface. 

It is found, hoWever, that the Wet dip process, as Well as 
some other polymer removal processes, also attacks some of 
the delicate features on the substrate, such as the thin gate 
oxide feature (Which typically comprises silicon dioxide). If 
the substrate must be exposed to the polymer removal 
process for a long period of time to adequately remove the 
deposited polymers, unWanted damage to the features may 
occur. The damage translates to yield loss, Which increases 
the cost of the resultant devices. 

While not Wishing to be bound by theory, it is believed 
that the oxygen radicals in the plasma-enhanced ?ash step 
dislodge the bonds in the carbon-containing polymers, 
thereby Weakening the polymers and rendering them more 
susceptible to subsequent removal. It is also believed that 
oxygen radicals do not readily attack the fully oxidiZed 
features, such as the aforementioned gate oxide. 
Accordingly, the inventive plasma-enhanced ?ash step, 
Which in this application is performed either as a step 
concurrent With a conventional processing step, e.g., 
etching, or as a separate, post-conventional processing step 
in one embodiment, advantageously Weakens the polymers 
for removal Without impacting the formed features. In one 
embodiment, it is found that the use of the plasma-enhanced 
?ash step advantageously shortens the time required to 
remove the polymers in a subsequent Wet dip step by 
one-half, or even one-third, of the time typically required in 
the prior art. 
Of course the substrates may be removed from the cham 

ber Where conventional substrate processing took place and 
placed in another chamber for the plasma-enhanced ?ash 
step. This may be useful, for example, When it is desirable 
to optimiZe the plasma-enhanced ?ash step and/or purge step 
speci?cally to Weaken the deposited polymer on the cham 
ber or to liberate adsorbed corrosive species from the 
substrate surface, or a combination thereof This may also be 
useful if it is desired to subject the chamber employed for 
conventional substrate processing to a plasma-enhanced 
?ash step that is optimiZed for removal of adsorbed corro 
sive species from the chamber inner Walls, particularly if 
such a plasma-enhanced ?ash step is conducted With param 
eters Which may cause damage to the substrate. 

FIG. 4 illustrates, in one example, exemplar parameters of 
the inventive technique Wherein both purge step 203 and 
plasma-enhanced ?ash step 204 of FIG. 3 are performed in 
a TCPTM 9400 plasma processing chamber. The substrate 
remains on the chuck after a conventional plasma etching 
step employing Cl2 and BCl3 Was performed on the metal 
layer of the substrate. During the purge step, a high ?oW 
purge is performed With 500 standard cubic centimeter per 
minute (sccm) of purge gas through the chamber. The purge 
gas includes 200 sccm of N2, 200 sccm of He, and 100 sccm 
of 02. However, the respective ratio of the components of 
the purge gas is not critical, nor is its ?oW. It is preferred that 
some non-corrosive gas (e.g., N2, He, Ar, 02, or any other 
relatively non-reactive gas) be ?oWed for a suf?cient time to 
adequately ?ush the conduit lines and/or the chamber. In one 
embodiment ?ve seconds Works Well. 

Pressure is kept at about 15 milliTorr (mT) Within the 
chamber during the purge step in one embodiment. Since the 
purging step is performed simultaneous With dechucking in 
this example, poWer to both the TCPTM coil and the bottom 
electrode is at about Zero. Note that oxygen is ?oWed during 
this purge step to stabiliZe the oxygen ?oW prior to the 
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plasma-enhanced ?ash step (as discussed earlier). It should 
be emphasized again that the parameters of the purge step 
are not critical. As long as the conduit lines and/or chamber 
are adequately purged With a non-corrosive purge gas, the 
speci?c parameters employed and/or the speci?c purge 
gases employed are not critical. 

During the plasma-enhanced ?ash step, pressure Within 
the chamber may range from about 0.01 mT to about 1,000 
mT, more preferably from about 1 mT to about 100 mT, and 
preferably at about 15 mT. It is believed that loWer pressures 
tend to improve diffusion of the oxygen radicals, Which may 
enhance their effectiveness in displacing the corrosive spe 
cies from the surfaces of the chamber inner Walls and/or the 
substrate surface. Too loW a chamber pressure, hoWever, 
may make it difficult to ignite the plasma reproducibly, 
consistently, and quickly. The appropriate chamber pressure 
for a given plasma processing system is therefore dependent 
on the process parameters, the design of the plasma pro 
cessing system, and others, in vieW of these general obser 
vations. 

PoWer to the TCPTM coil may range from about 50 W to 
about 1,000 W. In this example, TCP poWer is set at 300 W. 
PoWer is preferably set at the loWest setting that can reliably 
and quickly strike a plasma Within the chamber. Bias poWer, 
i.e., poWer to the chuck, is set at about 0 W. Although this 
is not absolutely necessary, it is generally preferable to 
minimiZe the bias poWer to minimiZe the amount of bom 
bardment the substrate is subjected to during the plasma 
enhanced ?ash step. Oxygen ?oW may range from about 1 
sccm to about 1,000 sccm. In this example, oxygen ?oW is 
set at 100 sccm. The oxygen ?oW, is constrained at its loWer 
limit by the effectiveness With Which the corrosive species 
may be removed and at the upper limit, in part, by the ability 
of the high conductance exhaust pump to evacuate the 
chamber. 

Cooling helium ?oW to the Wafer backside is again at 
about 0 T since dechucking is taking place simultaneously in 
this example. The duration of the plasma-enhanced ?ash 
step is at ?ve seconds. The determination of the appropriate 
duration for the plasma-enhanced ?ash step is discussed in 
greater detail in connection With FIG. 5. Note that both the 
purge step and the plasma-enhanced ?ash step are conducted 
With the substrate at process temperature, i.e., the tempera 
ture of the earlier conventional Wafer processing step(s). 
Higher temperatures are generally better for displacement 
reactions. Since it is believed that the oxygen radicals 
displace the adsorbed corrosive species during the plasma 
enhanced ?ash step, it is also believed (again, not Wishing to 
be bound by theory) that higher temperatures may make the 
plasma-enhanced ?ash step more ef?cient. 

FIG. 5 shoWs an example of a someWhat idealiZed optical 
excitation plot, representing a plot Which may be obtained 
during a plasma-enhanced ?ash step. As discussed, oxygen 
radicals are employed to displace corrosive chlorine species 
from the chamber and/or the substrate surface during the 
inventive plasma-enhanced ?ash step. The optical excitation 
plot is employed, in accordance With one aspect of the 
present invention, for determining the appropriate duration 
for the plasma-enhanced ?ash step. 

The plot of FIG. 5 includes tWo lines: a chlorine plasma 
line 502 and an oxygen plasma line 504. Chlorine plasma 
line 502 represents the intensity of the optical emission due 
to chlorine species in the plasma. Oxygen plasma line 504 
represents the intensity of the optical emission due to the 
oxygen species. 

Before transition point 506, the optical emission due to 
the chlorine species is higher than the optical emission due 
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10 
to the oxygen species. As the ?ash step proceeds, the 
concentration of the chlorine species is reduced. After tran 
sition point 506, there is less chlorine species, and the optical 
emission due to the chlorine species is loWer than the optical 
emission due to the oxygen species. Depending on the 
corrosive species, the con?guration of the chamber, and the 
?ash source gas employed, among others, the optical exci 
tation plot may vary Widely from machine to machine, or 
even in the same machine for different processes. 
Consequently, the time it takes to reach transition point 506 
may also vary. 

In one embodiment, the duration is preferably, but not 
required to be, longer than the time it takes to reach 
transition point 506. In FIG. 5, for example, the duration of 
the plasma-enhanced ?ash step is preferably longer than the 
2.5 seconds it took to reach transition point 506, e.g., the 
duration may be around ?ve seconds in one embodiment. 

While this invention has been described in terms of 
several preferred embodiments, there are alterations, 
permutations, and equivalents Which fall Within the scope of 
this invention. For example, although the preferred embodi 
ments are discussed With reference to the removal of 
adsorbed corrosive species from the reactor chamber Walls 
and/or the substrate surface, the inventive plasma-enhanced 
technique may be employed to reduce the concentration of 
corrosive species from the reactor chamber Walls and/or the 
substrate surface, Whether or not they are adsorbed. Further, 
although oxygen is discussed herein as the ?ash source gas 
to facilitate ease of understanding, it should be understood 
that the ?ash source gas may include any oxidiZing agent, 
e.g., oxygen, oZone, hydrogen peroxide, and other oxidiZing 
agents knoWn to those skilled from Which oxygen species 
may be formed. It should also be noted that there are many 
alternative Ways of implementing the methods and appara 
tuses of the present invention. It is therefore intended that 
the folloWing appended claims be interpreted as including 
all such alterations, permutations, and equivalents as fall 
Within the true spirit and scope of the present invention. 
What is claimed is: 
1. In a plasma processing chamber, said plasma process 

ing chamber being employed for processing a substrate, a 
method for removing corrosive species from surfaces Within 
said plasma processing chamber after said substrate is 
processed, comprising: 

extinguishing a process plasma employed to process said 
substrate; 

thereafter, purging said plasma processing chamber With 
a ?ash source gas to remove at least some of said 

corrosive species from Within said plasma processing 
chamber While said substrate is disposed on an elec 
trostatic chuck in said plasma processing chamber, said 
?ash source gas comprising an oxidiZing agent, said 
purging being performed While said substrate is 
dechucked from said electrostatic chuck and said pro 
cess plasma is extinguished; and 

thereafter, performing a ?ash process including striking a 
plasma in said plasma processing chamber With said 
?ash source gas, thereby permitting oxygen species in 
said plasma to reduce a concentration of said corrosive 
species on said surfaces in said plasma processing 
chamber, Wherein conditions in said plasma processing 
chamber, including a pressure Within said plasma pro 
cessing chamber, are stabiliZed by said purging prior to 
said performing said ?ash process. 

2. The method of claim 1 Wherein said electrostratic 
chuck is couple to a bias poWer source, said bias poWer 
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source being off at least during a portion of said performing 
said ?ash process. 

3. The method of claim 1 Wherein said oxidizing agent 
comprises oxygen. 

4. The method of claim 3 Wherein said performing said 
?ash process is performed at a chamber pressure of about 
0.01 milliTorr to about 1000 milliTorr. 

5. The method of claim 4 Wherein said performing said 
?ash process is performed at a chamber pressure of about 1 
milliTorr to about 100 milliTorr. 

6. The method of claim 3 Wherein said performing said 
?ash process is performed at a chamber pressure of about 15 
milliTorr. 

7. The method of claim 3 Wherein said plasma is struck 
With an inductive coil, said inductive coil being supplied 
With about 50 Watts of poWer to about 1000 Watts of poWer 
during said ?ash process. 

8. The method of claim 3 Wherein said plasma is struck 
With an inductive coil, said inductive coil being supplied 
With about 300 Watts of poWer during said ?ash process. 

9. The method of claim 6 Wherein said performing said 
?ash process is performed at an oxygen ?oW of about 1 
standard cubic centimeter per minute to about 1000 standard 
cubic centimeter per minute. 

10. The method of claim 6 Wherein said performing said 
?ash process is performed at an oxygen ?oW of about 100 
standard cubic centimeter per minute. 

11. The method of claim 6 Wherein said corrosive species 
comprise one of chlorine species and bromine species. 

12. The method of claim 6 Wherein said performing said 
?ash process is terminated after a prede?ned time period, 
said prede?ned time period being longer than a time 
required to reach a transition point in a plot of an optical 
excitation line of said corrosive species and an optical 
excitation line of said oxygen species. 

13. The method of claim 3 Wherein at least a portion of 
said corrosive species represents corrosive species adsorbed 
by interior surfaces of said plasma processing chamber. 

14. A method for removing adsorbed corrosive species 
from a surface of a substrate, said substrate having been 
processed in accordance With conventional plasma process 
ing steps in a plasma processing chamber, comprising: 

extinguishing a process plasma employed to process said 
substrate; 

thereafter, purging said plasma processing chamber With 
a ?ash source gas to remove at least some of said 

corrosive species from said surface of said substrate 
While said substrate is disposed on an electrostatic 
chuck in said plasma processing chamber, said ?ash 
source gas comprising an oxidiZing agent, said purging 
being performed While said substrate is dechucked 
from said electrostatic chuck and said process plasma is 
extinguished; and 

thereafter striking a plasma With said ?ash source gas in 
said plasma processing chamber, thereby forming oxy 
gen species above said substrate to permit said oxygen 
species in said plasma to reduce a concentration of said 
adsorbed corrosive species from said surface of said 
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substrate, Wherein conditions in said plasma processing 
chamber, including a pressure Within said plasma pro 
cessing chamber, are stabiliZed by said purging prior to 
said performing said ?ash process. 

15. The method of claim 14 Wherein said striking said 
plasma is performed in a plasma processing chamber dif 
ferent from said plasma processing chamber employed for 
said conventional plasma processing steps. 

16. The method of claim 14 Wherein said striking said 
plasma is performed in said plasma processing chamber, 
said plasma chamber being employed earlier for said con 
ventional plasma processing steps. 

17. The method of claim 14 Wherein said oxidiZing agent 
comprises oxygen. 

18. The method of claim 17 Wherein said adsorbed 
corrosive species represent one of chlorine species and 
bromine species. 

19. The method of claim 18 Wherein said striking said 
plasma is performed While a bias poWer to a chuck support 
ing said substrate is at about 0 W. 

20. A method for facilitating the removal of polymer 
deposition above a surface of a substrate, said substrate 
having been processed in accordance With conventional 
plasma processing steps in a plasma processing chamber, 
comprising: 

extinguishing a process plasma employed to process said 
substrate; 

thereafter, purging said plasma processing chamber With 
a ?ash source gas to remove at least some of said 

polymer deposition from said surface of said substrate 
While said substrate is disposed on an electrostatic 
chuck in said plasma processing chamber, said ?ash 
source gas comprising an oxidiZing agent, said purging 
being performed While said substrate is dechucked 
from said electrostatic chuck and said process plasma is 
extinguished; and 

thereafter striking a plasma With said ?ash source gas in 
said plasma processing chamber, thereby forming oxy 
gen species above said substrate to permit said oxygen 
species in said plasma to interact With said polymer 
deposition, Wherein conditions in said plasma process 
ing chamber, including a pressure Within said plasma 
processing chamber, are stabiliZed by said purging 
prior to said performing said ?ash process. 

21. The method of claim 20 Wherein said striking said 
plasma is performed in a plasma processing chamber dif 
ferent from said plasma processing chamber employed for 
said conventional plasma processing steps. 

22. The method of claim 20 Wherein said striking said 
plasma is performed in said plasma processing chamber, 
said plasma chamber being employed earlier for said con 
ventional plasma processing steps. 

23. The method of claim 20 Wherein said striking said 
plasma is performed While a bias poWer to a chuck support 
ing said substrate is at about 0 W. 

* * * * * 


